INTRODUCTION
CKD is a world-wide public health problem, with increasing incidence and prevalence, high cost, and poor outcomes. The major outcomes of CKD are loss of kidney function and development of CVD. Increasing evidence indicates that the adverse outcomes of CKD can often be prevented or delayed through early detection and treatment.
outcome for kidney disease progression. The Work Group concluded that there is not yet sufficient evidence to confirm this hypothesis. However, it was the opinion of the Work Group that proteinuria should be monitored during the course of CKD, and that under some circumstances it would be appropriate to consider modifications to antihypertensive therapy, such as a lower blood pressure goal or measures to reduce proteinuria, such as increasing the dosage of preferred agents and selection of additional antihypertensive agents (Table 44) . These measures are discussed in more detail in Guidelines 8 through 11. In general, these measures should be undertaken in consultation with a kidney disease specialist. The Work Group strongly recommended further research on this topic. Figure 28 and Table 45 describe a the general approach recommended by the Work Group to integrate goals of lowering blood pressure, reducing CVD risk, slowing progression of kidney disease, and considerations regarding proteinuria. Table 45 . A more detailed approach to decision-making and protocols for action are given in later sections.
Approach to hypertension and use of antihypertensive agents in CKD (Strong).
Most patients with CKD will require multiple interventions to slow progression of CKD and prevent development or worsening of CVD (Strong). Most patients with CKD have multiple risk factors for progression of kidney disease and for development or deterioration of CVD. 3, 4 Optimal management of CKD requires coordination of antihypertensive therapy with other therapies, such as smoking cessation, lipid-lowering therapy, and management of diabetes, and other dietary and life-style modifications, which is best accomplished by a coordinated effort among practitioners, either in an individual or a team setting 101, 102 For example, the ADA recommends a multidisciplinary team approach for management of diabetes, 6 and some studies show improved outcomes for diabetic kidney disease, using a multidisciplinary approach to deliver multiple interventions. 103, 104 The Work Group recommended coordination of antihypertensive therapy with other therapies for CKD and CVD as part of a multi-intervention strategy, using the resources of a multidisciplinary team, if available. A multidisciplinary team could include one or more of the following in addition to the physician: nurse practitioner, registered nurse, registered dietitian, masters prepared social worker, pharmacist, and physician assistant.
Individual decision-making is necessary to resolve discrepancies between recommendations for slowing CKD progression and reducing CVD risk (Strong). The Work Group accepted the principle that recommendations should maximize net health benefits for the target population (see Appendix 1). Having defined the goals for antihypertensive therapy to include slowing progression of CKD and reducing CVD risk in addition to lowering blood pressure, the Work Group searched for evidence in the target population for each clinical outcome. In general, there were few studies that adequately assessed both outcomes; thus, the Work Group made recommendations on the basis of separate studies on each outcome. This is a reasonable approach, if the recommendations to slow progression of CKD and reduce risk of CVD agree; however, if there is a discrepancy between recommendations, this approach may not be adequate.
Other approaches, such as decision analysis, with or without regard to cost, could be useful to determine net health benefits in this situation.
In general, the Work Group found few examples of such discrepancies. However, it should be noted that most clinical studies (observational studies and controlled trials) do not provide an adequate framework for examining the possibility of conflicts. Nonetheless, there are inconsistent results among some recent controlled trials with regard to the beneficial effect of ACE inhibitors aside from their antihypertensive effect on slowing progression of CKD and reducing risk of CVD. [105] [106] [107] Pertinent results will be discussed in later guidelines, but some general comments are appropriate here. In part, differences among studies may be related to differences in study populations and definition and ascertainment of endpoints. For example, studies on the progression of CKD have included patients with either markers of kidney damage (eg, diabetic patients with proteinuria) or decreased GFR (eg, most studies of nondiabetic kidney disease) and have carefully measured kidney function. On the other hand, studies of CVD risk reduction have generally excluded patients with elevated serum creatinine, did not routinely measure urine protein, and concentrated on ascertainment of CVD events. Thus, it is likely that studies on CKD enrolled patients at greater risk for progression of CKD than for CVD events and had greater statistical power to detect effects on CKD progression than on CVD events. Similarly, studies on CVD enrolled patients at greater risk for CVD events than for progression of CKD and had greater statistical power to detect effects on CVD events than progression of CKD. Hence, the Work Group generally restricted the interpretation of these studies to the primary outcome, as specified in advance by the authors. Differences in study design are discussed in an attempt to resolve discrepancies in findings and, in some studies, secondary outcomes are discussed. Overall recommendations are based on the sum of evidence, after taking into consideration all these factors.
In clinical practice, health-care providers must be concerned with all outcomes of care, not just a "primary outcome." Health-care providers caring for patients with CKD routinely encounter patients at high risk of both progression of CKD and CVD events and must make decisions about the implementation of recommendations about lifestyle modifications, blood pressure targets, and classes of antihypertensive agents that affect both outcomes. For example, should a patient with Stage 3 CKD due to Type 1 diabetes, a recent myocardial infarction, and Stage 1 hypertension be treated with an ACE inhibitor, beta-blocker, or diuretic? All classes of agents may be indicated, but if the blood pressure is too low, which agents should be used preferentially? Where recommendations are discrepant, health-care providers must make decisions to maximize the net health benefits for the individual patient. The Work Group recommends that such individual decision-making be based on risk stratification. In general, the selection of antihypertensive therapy should be directed to the clinical condition that is most likely to occur and that has the most serious consequences on overall survival and quality of life of the individual patient. Clinical practice guidelines cannot substitute for individual decisionmaking in patients with complex medical problems.
Comparison to Other Guidelines
In addition to the JNC, several organizations have issued recommendations for blood pressure management in CKD. Previous recommendations by the NKF and other groups are listed in Table 46 . 1, 15, [108] [109] [110] [111] [112] [113] [114] [115] [116] [117] [118] [119] [120] [121] Guidelines for CVD risk reduction in individuals without CKD are reviewed in Guideline 7. Guidelines for individuals with CKD are reviewed in Guidelines 8 through 10. In this discussion, the focus is on recommendations by JNC and ADA because these are the most Recommendations for low-and high-risk groups. JNC 6 and JNC 7 focus on therapeutic strategies to achieve target blood pressure level. The recommended goal of antihypertensive therapy in patients in risk groups A and B is to maintain SBP and DBP <140 mm Hg and <90 mm Hg, respectively. These definitions and goals do not differ according to age (among adults), gender, or race. Lifestyle modification is recommended for 6 to 12 months, followed by antihypertensive therapy if blood pressure remains above goal. The recommended initial antihypertensive agent is generally a diuretic, in combination with an ACE inhibitor, ARB, ß-adrenergic blocker, or a calcium-channel blocker if more than one agent is necessary to reach the target blood pressure.
Recommendations for the highest-risk group (Table 48) . JNC 7 identifies the highest-risk group as those with "compelling indications" for antihypertensive therapy. Recommendations include prompt initiation of pharmacological therapy simultaneously with lifestyle modification, a lower blood pressure goal (<130/80 mm Hg), and antihypertensive medications specific to the comorbid conditions. In particular, ACE inhibitors and ARBs are recommended for patients with heart failure, diabetes, and CKD.
5,5a
The 2003 ADA guidelines for treatment of hypertension in diabetic kidney disease recommend a blood pressure goal of <130/80 mm Hg and preferential use of ACE inhibitors in all diabetic patients with hypertension or CKD. ARBs are preferred in patients with macroalbuminuria and decreased GFR due to type 2 diabetes.
6,121 A draft of the 2004 ADA guidelines available at the time the K/DOQI Guidelines contained similar recommendations.
Guidelines proposed by the NKF-K/DOQI Work Group on Hypertension and Antihypertensive Agents in CKD supersede those proposed by previous NKF groups 1, 3, 4, 112 and are largely consistent with recommendations by JNC 7 and ADA. as well as many recent reviews. [142] [143] [144] The purpose of Guideline 3 is to review the recommended measurement methods for adults, particularly in relation to CKD. A discussion of blood pressure measurement and interpretation in children is given in Guideline 13.
The measurement of blood pressure in this technological age has never been more confusing or difficult. The currently available CVD risk prediction data come from studies that primarily used an auscultation technique with mercury manometer. 144 Environmental concerns have led to the abolishment of mercury columns in many US and most European health-care facilities.
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Aneroid manometers can be accurate if maintained by an intensive and difficult to achieve calibration and maintenance program. Automated devices using oscillometric technology have gained great popularity due to ease of use and improved interobserver variability. Not surprisingly, these devices that measure vessel oscillations do not always correlate well with auscultatory techniques 146 and also require frequent calibrations performed by the manufacturer. Thus, from a clinical perspective, it is not clear which are the best monitors to use for CBP measurement.
However, even if CBP measurement by standardized protocols is performed under ideal circumstances, they have a number of limitations, especially in conditions, such as CKD, in which known aberrations in circadian blood pressure patterns exist. SMBP provides multiple blood pressure measurements in the patient s own environment but is a technique with many technical and reporting reliability issues. Studies relating the SMBP data to target organ damage are lacking. ABPM provides objective blood pressure measurements in the patient s own environment over the full circadian period and correlates well with target organ damage. Normative data, based on epidemiological studies, outcome measures, and cardiovascular events, have now been developed for ABPM. Guideline 3 briefly summarizes more recent data on SMBP and ABPM, with a more detailed discussion in Appendix 3. As technology advances, the ultimate goal for antihypertensive therapy is to develop what has been termed "the virtual hypertension clinic" 147 using CBP for screening, ABPM for initial diagnosis, and monitoring changes in treatment; and SMBP with electronic linkage between the patient and the health-care provider for maintenance and follow-up.
RATIONALE

Definitions
Casual blood pressure (CBP): CBP refers to a blood pressure measurement taken in the physician s office or clinic setting using one of several techniques. Auscultatory techniques with aneroid or mercury manometers and automatic oscillometric devices are most commonly used. Measurement under standardized conditions should be taken at least twice and an average of the two recorded at every health-care encounter.
5 Multiple measurements at different encounters are required for accurate correlation to end-organ damage.
Self-measured blood pressure (SMBP): SMBP refers to blood pressure measurements taken by the patient in his/her usual environment. SMPB devices 142 are varied in design from manual to fully automated and in blood pressure measurement technique (mercury, aneroid, oscillometric). Little is known about the accuracy, reliability, and predictive value of SMBP, especially in CKD patients. Patients performing SMBP should be trained and periodically monitored.
Ambulatory blood pressure monitoring (ABPM):
A variety of fully validated, reliable, automated, and accurate monitors are available. Blood pressure measurements taken every 15 to 20 minutes are recorded over 24 to 48 hours. Oscillometric monitors are most commonly used and auscultatory monitors with or without ECG gating also give excellent results. Data downloaded from the monitor are generally divided into day (diurnal) or night (nocturnal) periods. Daytime (awake) ambulatory blood pressure (ABP) values are lower than clinic readings, 10% to 20% higher than nighttime (asleep) readings, and provides measures of SBP and DBP load (percentage of blood pressure readings exceeding the upper limits of normal for a given time period). As blood pressure is more closely related to the sleep-wake cycle rather than day and night, as illustrated by the blood pressure rhythm following the inverted cycle of activity in night-shift workers, the time of sleep and wake during ABPM should be recorded in the patient diary or objectively determined with a motion-logger (actigraph). Recently, monitoring has been approved for reimbursement in selected settings including the identification of whitecoat hypertension (WCH). A consensus view on ABPM technique is available.
148 While reproducibility on repeated ABPMs for group data is excellent, concerns regarding individual patient reproducibility have been raised. White coat hypertension (WCH): WCH refers to a condition in which blood pressure is repeatedly elevated on CBP measurement in the presence of a health-care professional but normal by ABP or SMBP. WCH for adults is defined by CBP >140 mm Hg, but a mean blood pressure by ABPM of <135/85 mm Hg for the wake period or <135/80 mm Hg for the full day. Some consider that the criteria include a blood pressure load <25%. Whether WCH is associated with end-organ damage is controversial and definition-dependent. Patients with WCH defined by 24-hour mean blood pressure <135/85 mm Hg have a prevalence of end-organ damage or CV events not different from normotensive patients. However, WCH may prove to be a prehypertensive state.
Dipping:
Dipping describes an ABP pattern in which the mean wake SBP or DBP falls at least 10% during sleep. A sleep-related blood pressure reduction that is greater than 20% to 30% has been termed super-dipping, which is associated with neurological sequelae.
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Nondipping: Nondipping describes a pattern of a blunted sleep-related fall in mean SBP or DBP (<10%). This pattern is commonly seen in CKD. The most severe form is a reversal of blood pressure in which the sleep blood pressure is equal or higher to awake values. Some have termed this "reverse dipping" and connotes a very high risk for end-organ damage.
Scope of Work
Studies reviewed for this guideline included authoritative reviews, including JNC 6 15 and JNC 7 5,5a ; a meta-analysis conducted for AHRQ 142 154 More detailed information about blood pressure measurement techniques can be found in these reports.
Strength of Evidence
Accurate measurement of blood pressure is important for detection, evaluation, and treatment of hypertension (Strong). JNC 7 provides a new, simplified classification of hypertension severity for adults aged 18 years and older (Table 23 ). The classification is based on the average of two or more properly measured seated blood pressure readings on each of two or more office visits. When SBP and DBP fall into different categories, the higher category should be selected to classify the individual. Accurate measurement in CKD is especially important, because hypertension is more common in CKD, and because JNC 7 identifies CKD as a "compelling indication" for more aggressive antihypertensive therapy because of the higher risk of CVD in CKD than in the general population.
Accurate assignment of blood pressure status is crucial from a public health standpoint. 144 The risk associated with increasing blood pressure is graded and continuous and begins at 115/75 mm Hg. Overestimating or underestimating blood pressure by even 5 mm Hg can mislabel over 20 million persons as having high normal blood pressure rather than hypertension; conversely, another 20 to 30 million could be misclassified as hypertensive exposing these persons to the expense and adverse effects of treatment. This issue is compounded by the challenge of the "white coat" or "office" effect. Misclassification in CKD can be compounded by altered circadian blood pressure rhythms such as a nondipping pattern.
The following techniques that are recommended for accurate measurement of casual blood pressure in the general population are also recommended in CKD (Strong). The following issues are common to all measurements and all devices. Issues related to type of blood pressure measurement and specific devices are discussed next.
Patients should be seated quietly for at least 5 minutes in a chair (rather than on an exam table) with their backs supported and their arms bared and supported at heart level. Patients should refrain from smoking or ingesting caffeine during the 30 minutes preceding the measurement. Each patient should be provided, verbally and in writing, with their specific blood pressure numbers and blood pressure goals. Correct measurement of blood pressure requires the use of a cuff that is appropriate to the size of the upper right arm. The right arm is preferred for consistency and comparison with the standard tables. A technique to establish an appropriate cuff size is to choose a cuff having a bladder width that is approximately 40% of the arm circumference midway between the olecranon and the acromion. Issues of cuff size are especially important in children (see Guideline 13) and obese adults. With the increasing prevalence of obesity, many adults will require a large adult cuff. Those with large, conical arms >41 cm in circumference may require the blood pressure to be measured on their forearms. Too small an inflatable bladder can lead to false readings of elevated blood pressure in the range of 3.2/2.4 mm Hg to 12/8 mm Hg with as much as 30 mm Hg in the obese. An excessively large bladder may lead to falsely low readings in the range of 10 to 30 mm Hg. The bladder within the cuff should encircle at least 80% of the arm. The bell of the stethoscope should be lightly placed over the brachial artery pulse, proximal and medial to the cubital fossa, and below the bottom edge of the cuff (ie, about 2 cm above the cubital fossa). The cuff should be inflated to 30 mm Hg above palpated SBP and deflated at a rate of 2 to 3 mm Hg/second. Both SBP and DBP should be recorded. The first appearance of sound (phase 1) is used to define SBP. The disappearance of sound (phase 5) is used to define DBP in adults. It has been suggested that a detailed accounting of blood pressure on the initial visit include position of individual; arm selected; blood pressure monitor used; blood pressure measured on both arms; arm circumference and cuff used; if auscultatory Korotkoff sounds IV and V, presence of auscultatory gap; emotional state of individual; and time of drug ingestions.
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Two or more readings separated by 2 minutes should be averaged. If the first two readings differ by more than 5 mm Hg, additional readings should be obtained and averaged. Elevated blood pressure must be confirmed on repeated visits before characterizing an individual as having hypertension. Blood pressure at the high levels tends to fall on subsequent measurement as the result of (1) an accommodation effect (ie, reduction of anxiety by the patient from one visit to the next) and (2) regression to the mean, a nonbiological phenomenon that derives, in part, from mathematical considerations. Blood pressure level is not static but varies even under standard resting conditions. Therefore, a more precise characterization of an individual s blood pressure level is an average of multiple blood pressure measurements taken repeatedly over several weeks to months. Especially among older persons and children, SBP is a better predictor of end-organ damage and events (coronary heart disease, CVD, heart failure, stroke, kidney failure, and all-cause mortality) than is DBP. Recently, it has become clear that an elevated pulse pressure (SBP minus DBP), which indicates reduced vascular compliance in large arteries, may be an even better marker of increased cardiovascular risk than either SBP or DBP alone. New, noninvasive techniques are being validated that can accurately measure vascular compliance. Early evidence suggests the presence of reduced vascular compliance in CKD. 155 Under special circumstances, measuring blood pressure in the supine, sitting, and standing positions (standing quietly for 2 to 5 minutes) may be indicated and helpful in detecting evidence of autonomic dysfunction. A decrease in standing SBP >10 mm Hg when associated with dizziness or fainting is more frequent in older patients with systolic hypertension, diabetes, and those taking diuretics, venodilators (eg, nitrates, alphablockers, and sildenafil-like drugs), and some psychotropic drugs. This same recommendation is made for patients taking drugs that exaggerate postural changes in blood pressure (peripheral adrenergic blockers, alpha-blockers, and high-dose diuretics). ABPM may be especially helpful in this situation. Blood pressure must be measured in older persons with special care as some older persons have pseudohypertension (falsely high sphygmomanometer readings) due to excessive vascular stiffness as determined for example by using pulse wave pressure. In addition, older persons with hypertension, especially women, may have WCH and excessive variability in SBP. In the absence of target-organ damage, clinicians should consider pseudohypertension or WCH. ABPM may be helpful in this instance.
Casual blood pressure measurement using the mercury manometer is the "gold standard" for clinical studies, but has important limitations in clinical practice (Strong). One of the most controversial areas is the choice of equipment for blood pressure measurement. Measurements should be taken preferably with a mercury sphygmomanometer if available. Otherwise, a calibrated aneroid manometer or a validated electronic device can be used. Technical problems exist with all forms of blood pressure measurement. Even the gold standard of intra-arterial blood pressure measurement has technical problems and variability depending on the chosen artery, catheter positioning within the artery, and equipment used. The two major noninvasive CBP measurement techniques are auscultatory and oscillometric. The hybrid manometer and devices based on wideband K2 method are future technologies that may be helpful.
CBP measurements can be misleading due to errors from lack of observer training, incorrect cuff size, incorrect patient position, rapid cuff deflation, terminal digit preferences, monitor not kept at eye level (parallax), and inadequate premeasurement rest as well as the stress of the office setting (Table 73) . The aforementioned problems have led to a proliferation of easier-to-use automated devices using oscillometric technologies. Users of these devices need to realize that the oscillometric technique is not based on the same physiological observation as auscultation 144 and thus may yield different results.
Even if office blood pressure measurements follow standardized protocols under ideal circumstances, the measurements are limited by tremendous variability. Use of a single measurement to characterize the chronic behavior of a continuous variable may be unrealistic. Further, the measurement may not be representative of blood pressure levels in the patient s own environment and at different times of day. This is especially true when known aberrations in circadian blood pressure patterns exist in a given clinical condition, such as in CKD. Whatever the chosen device, the guidelines of the future should be evidence-based rather than consensusbased.
Regulatory agencies need to establish standards for the use of validated devices, the frequency of calibration, and the continued certification of observers using manual devices. The use of automated devices does not eliminate all major sources of human error and thus observers still require training. Manufacturers of automated devices should validate their algorithms in special populations such as the elderly and those with CKD.
Mercury manometers. Despite their status as the gold standard, mercury manometers, when systematically evaluated, have a significant number of problems that may preclude accurate use, even if the observer and patient issues are overcome. In several studies, a high prevalence of technical problems (18% to 38%) was noted, such as dirty columns, oxidized mercury, faded column markings, air mixed in the mercury column, or mercury leakage leading to inaccurate measurement in 21% of monitors. [156] [157] [158] In a systematic evaluation of sphygmomanometers, none of the 356 instruments tested met all standards and 86% did not meet safety standards. 159 In addition, because of the environmental hazard posed by mercury, most mercury manometers in hospitals and other health care facilities in the United States are being replaced by other instruments.
Aneroid manometers. The aneroid manometer functions by use of a system comprised of a metal bellows, a mechanical amplifier, springs, and a gauge that displays the pressure in the cuff and tubing of the sphygmomanometer. Aneroid devices are often felt to be less accurate than mercury columns because they are so difficult to keep in calibration. 153 Aneroid manometers were evaluated in many of the same studies cited for the assessment of mercury manometers and demonstrate even more inaccuracies than with mercury.
Oscillometric devices. Oscillometric monitors measure the mean arterial pressure by determining the maximum oscillations in the vessel. The device then calculates SBP and DBP from proprietary algorithms. There is great variability in blood pressure readings among available devices. We have no standards for normal blood pressure based on this technology. Further, there are concerns that increased arterial stiffness as seen in CKD and the elderly can lead to greater variations in blood pressure results by oscillometry compared to auscultation. Some companies are developing special algorithms for these situations.
Self-measured blood pressure is a useful adjunct to casual blood pressure monitoring (Moderately Strong). Self-measurement of blood pressure has five general advantages: (1) distinguishing sustained hypertension from WCH; (2) assessing response to antihypertensive medication; (3) interpreting symptoms that may be due to hypotension; (4) improving patient adherence to treatment; and (5) potentially reducing costs. The blood pressure of persons with hypertension tends to be higher when measured in the clinic than outside of the office. There is no universally agreed-on upper limit of normal home blood pressure, but readings of 135/85 mm Hg or greater should be considered elevated. 5 The techniques of a well-performed CBP should be used with SMBP including a 5-minute rest before the sitting measurement. The technique is carefully outlined in the European Society of Hypertension Report. A review of available monitors has been published recently.
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Comparison of SMBP with CBP measurement and ABPM. Blood pressure measured by any technique outside of the physicians office tends to have lower values. In six studies comparing SMBP and CBP, a consistently lower blood pressure by SMBP (SBP 5.4 ± 17.7 mm Hg and DBP 1.5 ± 6.3 mm Hg) was demonstrated. Three studies comparing ABPM and SMBP show similar daytime blood pressure results. While ABPM is the gold standard for the determination of WCH, SMBP is comparable to ABPM for prevalence of WCH (approximately 20%). The published literature is insufficient to provide an answer to the predictive ability of SMBP for target-organ damage or clinical events. Interventions that included SMBP for assessment of antihypertensive effect showed improved blood pressure control in 6 of 12 trials.
142 Of the two trials that used technology storing the blood pressure data in the monitor, significantly reduced blood pressure was seen. Thus, while the results are inconsistent, there is promise especially with report-generating monitors that SMBP can lead to reduced blood pressure.
SMBP reliability. The reliability of the patient recording of the blood pressure measurement is critical if this technique is to be trusted. Patients consistently misreport the results of the monitor when patient manual recordings are compared to a device that stored readings unbeknownst to the patient. Patient reports had mean differences in blood pressure of at least 10 mm Hg for SBP and 5 mm Hg for DBP compared to stored readings. 164 In another study, 36% of patients underreported and 9% overreported blood pressure readings. Log books also had phantom readings noted; conversely, patients failed to report measurements that were taken and stored. 165 Similar findings were observed with other monitoring technologies such as glucometers for diabetic patients 166 and for recording metered dose inhaler usage in asthmatic patients. 167 Thus, objective recording of the data is strongly advised. The Work Group concluded that SMBP is a useful adjunct to CBP measurement with properly validated monitors, can be performed by many patients, and is consistent with the goal of self-management.
ABPM is useful to identify abnormal blood pressure patterns in CKD and is closely correlated with target-organ damage (Strong).
Monitoring of blood pressure in an ambulatory setting provides multiple, objective blood pressure measurements in the patient s own environment over a full circadian period. 168 While ABPM has become a valuable clinical and research tool, it has yet to gain wide acceptance in the United States due to reimbursement issues, equipment expenses, and time efforts to train patients in monitor use. The Center for Medicare and Medicaid Services (CMS) has approved ABPM use for patients suspected of white coat hypertension. 169 In Europe, however, ABPM has become a mainstay of blood pressure diagnosis and management. WHO-ISH suggests it be used for unusual variability of blood pressure, office hypertension in low-risk patients, symptoms suggesting hypotensive episodes, and resistant hypertension. JNC 7 suggests ABPM can be useful for suspected WCH, resistant hypertension, hypotensive symptoms while taking antihypertensives, episodic hypertension, and autonomic dysfunction.
Recent authoritative reviews suggest advantages of ABPM in essential hypertension.
142 ABPM facilitates the diagnosis of WCH, a prehypertensive state that shows a lack of end-organ damage similar to that seen in normotensive individuals. 170 Conversely, it has been reported that as many as 9% of patients may have normal office blood pressure but elevations during ABPM; a condition termed "masked hypertension" which is also associated with end-organ damage.
171-173
Among persons with hypertension, an extensive and very consistent body of evidence indicates that ambulatory blood pressure correlates more closely than casual blood pressure with a variety of measures of target-organ damage such as left ventricular hypertrophy. 15, 174 Ambulatory blood pressure values are usually lower than clinic readings. While awake, individuals with hypertension have an average blood pressure of more than 135/85 mm Hg and during sleep, more than 120/75 mm Hg (Table 74 ). In most individuals, blood pressure decreases by 10% to 20% during the night; those in whom such reductions are not present are at increased risk for cardiovascular events.
CKD is commonly associated with alterations in the circadian patterns of blood pressure; the most frequent of these rhythm abnormalities is nocturnal (sleep) period hypertension and a nondipping blood pressure pattern. [176] [177] [178] As stated in JNC 7, the level of mean ABP or blood pressure load correlates better than office measurements with target organ injury. Abnormal ambulatory patterns have been shown to be related to varying degrees of abnormal protein excretion, 179 to more rapid progression of kidney disease, [180] [181] [182] and to CV damage and events.
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Due to these abnormal patterns, the correlation between CBP and ABP is poor, as is the relationship of CBP to end-organ damage.
178,184
Several ABPM patterns noted in CKD patients and not detected by CBP measurement can impact therapeutic decisions. First, the requirement for antihypertensive therapy may be affected by the diagnosis of WCH. 185 Secondly, the identification of a nondipping, reverse dipping, or nocturnal hypertension may lead to more aggressive antihypertensive regimen and affect the timing of dosing. 180 Further, a recent study of treated hypertensive patients 172 suggests that ambulatory blood pressure of >130/80 mm Hg is associated with cardiovascular events even with a normal office blood pressure. Thus, data are accumulating, but are not yet conclusive for the usefulness of routine ABPM for antihypertensive therapy.
In summary, ABPM is a powerful tool that has a close correlation with end-organ damage, including progression of kidney disease, and cardiovascular and cerebrovascular outcomes. It is of particular benefit in patients with CKD who have a known alteration in the circadian blood pressure pattern. The presence of a nondipping pattern or nocturnal hypertension in a patient with CKD places an already high-risk patient into an even higher risk level. Possibly, this knowledge can be helpful in suggesting an even more intensive therapeutic regimen. However, the Work Group did not find a sufficient number of large studies demonstrating an additional benefit of ABPM over CBP measurements in the management of hypertension in CKD. Thus, the Work Group concluded that additional evidence is required to recommend ABPM as a routine diagnostic tool or as a guide to blood pressure management in CKD. Until such evidence is available, health-care providers may find benefit in choosing to recommend ABPM for patients with CKD.
186 Circumstances for effective utilization of ABPM in patients with CKD are seen in Table 75 .
SUMMARY
A summary of special considerations in blood pressure measurement for patients with CKD is found in Table 76 .
LIMITATIONS AND IMPLEMENTATION ISSUES
ABPM is becoming more widely used, yet important limitations remain such as the expense of equipment and software, and personnel required to apply the equipment; high test-retest variability in some individuals, and reimbursement issues. While reimbursement for the use of ABPM in diagnosing white coat hypertension has been approved by the Center for Medicare and Medicaid Services, it is not yet approved for conditions with altered patterns of blood pressure as in CKD.
Self-measurement of blood pressure has a much lower cost and few side-effects. It allows improved assessment of blood pressure and its control but the technology requires more careful scrutiny of quality and accuracy and the use of devices to objectively record the data to improve reporting. Digital read-out devices simplify SMBP. Clinicians need to devote time for teaching and assessing patient accuracy. Development of instructional material for patients with a wide range of educational levels and cultural backgrounds will be important.
The disappearance of mercury manometry will lead to new challenges and opportunities. We may be entering a new age of blood pressure measurement with the introduction of innovative technologies that will allow not only accurate, noninvasive measurement of blood pressure but also an assessment of blood pressure as a dynamic process with the ability to measure the cardiac and vascular components of blood pressure, thereby bringing new understanding and opportunities for early diagnosis and therapies.
RESEARCH RECOMMENDATIONS
There are many unanswered questions related to the measurement of blood pressure in the CKD population.
Research should specifically be performed in the patients with CKD who have been documented to have abnormal vascular compliance, to determine if oscillometric monitors for casual measurements give accurate results. If differences are noted, oscillometric normal values should be developed as they were for ABPM. Controlled trials need to be performed to determine if blood pressure management in CKD patients with ABPM is superior to CBP guided therapy More research into the prognostic ability of SMBP is needed. A systematic attempt should be made to test all home blood pressure monitors for accuracy especially when used for patients with CKD. Should all patients with CKD, especially those with higher stages of CKD have ABPM, even if normotensive, to determine the presence of dipper status? Does WCH predispose to sustained hypertension? Should the definition of WCH take into account sleep blood pressure measurements for CKD patients? The data that alterations in circadian blood pressure rhythms are related to end-organ damage are strong, but would they benefit from a large multicenter study in CKD characterized by CKD stages? Does the normalization of circadian blood pressure pattern confer any protection? How would this be accomplished? Are some antihypertensive agents superior in this regard? What should be the dosage timing? More research using ABPM to adjust antihypertensive therapy is required. Research into the mechanisms of the abnormal blood pressure patterns coupled to the increase in endorgan damage is required and may lead to the development of new therapies.
GUIDELINE 7: PHARMACOLOGICAL THERAPY: USE OF ANTIHYPERTENSIVE AGENTS IN CKD
All antihypertensive agents can be used to lower blood pressure in CKD. Multidrug regimens will be necessary in most patients with CKD to achieve therapeutic goals. Patients with specific causes of kidney disease and CVD will benefit from specific classes of agents.
7.1 Patients with CKD should be considered in the "highest-risk" group for CVD for implementing recommendations for pharmacological therapy, irrespective of cause of CKD (A).
Target blood pressure for CVD risk reduction in CKD should be <130/80 mm Hg (B).
7.3 Antihypertensive agents should be prescribed as follows, when possible: 7.3.a Preferred agents for CKD should be used first (see Guidelines 8, 9, 10, 11) (A);
7.3.b Diuretics should be included in the antihypertensive regimen in most patients (A).
7.3.c Choose additional agents based on cardiovascular disease-specific indications to achieve therapeutic and preventive targets (Table 86) 
7.4.c Fixed-dose combinations may be used for maintenance therapy after the antihypertensive regimen has been established (B).
BACKGROUND
The goals of antihypertensive therapy in CKD patients are to lower blood pressure, reduce the risk of CVD, and slow progression of CKD. Guideline 7 reviews the use of antihypertensive agents in CKD to lower blood pressure and reduce CVD risk. Use of antihypertensive agents to slow the progression of kidney disease is reviewed in Guidelines 8, 9, and 10.
Numerous studies have documented the high risk of CVD in patients with CKD. There are several reasons for the high risk of CVD in particular, the older age of patients, the higher prevalence of traditional CVD risk factors (such as hypertension, diabetes and hyperlipidemia), and the presence of CKD-related risk factors such as coronary calcifications from an elevated calcium-phosphorous product. Because of their high risk of CVD, all individuals with CKD are included in the highest-risk group for CVD. A multipronged strategy is necessary to reduce the risk of CVD in this patient population, and hypertension is only one of the therapeutic areas that need to be addressed. The NKF-K/DOQI guidelines on dyslipidemia and bone metabolism will include information on additional strategies to reduce CVD risk in patients with CKD. 285a,291 A large number of controlled trials have examined the efficacy of antihypertensive agents on reducing the risk of CVD, and many guidelines have been published on the use of antihypertensive agents to reduce CVD risk. Unfortunately, relatively few patients with CKD have been included in controlled trials of CVD risk reduction. Therefore, recommendations in JNC 6 and other guidelines available at the time of the Work Group review were not developed specifically for patients with CKD. The 1998 report of the Task Force for Cardiovascular Disease in Chronic Renal Disease developed criteria for extrapolation of recommendations on risk factor reduction from the general population to patients with CKD.
3 The Task Force concluded that recommendations for target blood pressure and antihypertensive agents in the general population could be extrapolated to patients with CKD.
This section provides a review of the guidelines for the treatment of hypertension as well as a summary of the antihypertensive agents that can be used to achieve these therapeutic goals. "Preferred antihypertensive agents" are defined as antihypertensive agents that reduce CVD risk or slow the progression of certain types of kidney disease by mechanisms in addition to lowering blood pressure. Thus, preferred agents may be indicated in patients either with or without hypertension. The tables included in Guideline 7 show classes of antihypertensive agents and the indications for these agents in CKD, in addition to their effect on blood pressure.
RATIONALE
Criteria for Extrapolation of Recommendations From the General Population to CKD
The Work Group adopted the criteria developed by the NKF Task Force on Cardiovascular Disease in Chronic Renal Disease for extrapolating evidence from the general population to the target population (Table 87 ).
1. The mechanism and expression of CVD in CKD should be similar to those observed in the general population. Specifically, the features of CVD, the relationship of CVD outcomes to hypertension, the mechanism of blood pressure lowering, and the responsiveness of risk factors to lifestyle modifications and pharmacological therapy should be similar in patients with CKD and the general population.
2. Therapies in patients with CKD should be as safe, or nearly so, as in the general population. In particular, there should not be additional adverse effects of a specific therapy that limits its usefulness in patients with CKD, either because of altered pharmacokinetics, drug interactions, or increased risk of toxicity to the kidney.
3. The duration of therapy required to improve CVD outcomes in the general population should not exceed the life expectancy of patients with CKD. Numerous studies of CVD in the general population have shown a benefit of interventions within 2 to 5 years, with greater and earlier benefits in patients at highest risk. Thus, it is likely that patients with CKD Stages 1-4 could benefit from more effective treatment of CVD.
Scope of Work
There are few controlled trials comparing levels of blood pressure or classes of antihypertensive agents to reduce CVD risk in CKD. Thus, the Work Group extrapolated from guidelines of highrisk patients in the general population. The Work Group was convened in 2001, after the release of JNC 6 but prior to the release of JNC 7 in May 2003. The Work Group elected to review recommendations in JNC 6, as well as other guidelines for the treatment of hypertension and CVD that were published since JNC 6. Guidelines were identified by a review of guidelines listed in the National Guideline Clearinghouse (www.guideline.gov). A total of 21 guidelines were retrieved, of which 5 were found not to be relevant for this review. The remaining guidelines are summarized in Table 88 .
During the Work Group s deliberations, results of the Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial (ALLHAT) were reported, and JNC 7 was released. Some members of the Work Group (A.S.L. and M.V.R.) were able to review data from a subgroup of ALLHAT participants with CKD (defined as estimated GFR <60 mL/min/1.73 m 2 ), which was later reported in abstract form. 292, 293 Thus, the Work Group also relied on evidence contained in the ALLHAT report, the ALLHAT CKD subgroup, some of the key clinical trials included in JNC 7, as well as recommendations of JNC 7. Clinical trials in the general population were abstracted or compiled in evidence tables.
The Work Group also summarized information on antihypertensive drug classes in the general population, including indications, recommended doses, contraindications, side-effects, and interactions. In addition to the sources described above, textbooks and reviews were used as source material for this section. Diuretics and beta-blockers are discussed first, since these were the first agents tested in clinical trials of CVD. Newer agents, ACE inhibitors and ARBs, and calcium-channel blockers are discussed next, because there have been a large number of clinical trials in the general population to determine whether these agents are preferred for specific CKD and CVD indications. Agents that act on the alpha-adrenergic system and directly acting vasodilators are discussed briefly. Recently, there has been increased interest in aldosterone antagonists, which are discussed last.
Strength of Evidence
General principles in the use of antihypertensive agents in CKD (Fig 34 and Table 89 ) (Moderately Strong). All classes of antihypertensive agents are effective in lowering blood pressure in CKD. Figure 34 and Table 89 summarize these principles. Table 89 .
Patients with CKD should be considered in the "highest-risk" group for CVD for implementing recommendations for pharmacological therapy, irrespective of cause of CKD (Strong). As noted earlier, patients with CKD have rates of CVD that are 5 to 500 times higher than age-and sex-matched controls in the general population (Fig 4) . Thus, it is of the utmost importance to reduce the risk of CVD in patients with CKD.
Target blood pressure for CVD risk reduction in CKD should be <130/80 mm Hg (Moderately Strong). Numerous epidemiological studies show a graded, independent, and strong relationship between the level of arterial blood pressure and CVD. Above a SBP of 115 mm Hg, and above a DBP of 75 mm Hg, the risk of CVD doubles with each increment of SBP of 20 mm Hg or DBP of 10 mm Hg. In persons over age 50, SBP greater than 140 mm Hg is a critical and more important CVD risk factor than DBP.
Controlled trials in essential hypertension conclusively show a beneficial effect of lowering blood pressure to <140/90 mm Hg. Controlled trials in high-risk individuals with diabetes or heart failure suggest beneficial effects of reduction of blood pressure to even lower values. Based on these studies, and on observational studies, a number of guidelines for patients with either diabetes mellitus or congestive heart failure recommend a goal blood pressure of <130/80 mm Hg (Table 88) .
There are few studies regarding blood pressure goals for CVD risk reduction in patients with CKD. Thus, the Work Group elected to extrapolate the recommendations for high-risk patients to patients with CKD. Based on the summary of guidelines in Table 88 , the Work Group recommendations to reduce the risk of CVD in CKD are an SBP <130 mm Hg and a DBP <80 mm Hg. In certain select cases, it may be appropriate to maintain a blood pressure higher than the recommended goal of <130/80 mm Hg. These conditions include orthostatic hypotension, postprandial hypotension, autonomic dysfunction, and severe peripheral vascular disease that is exacerbated by a blood pressure less than 130/80 mm Hg. Based on studies of the relationship of SBP and kidney disease outcomes reviewed in Guidelines 8 and 9, the Work Group recommended caution in lowering SBP <110 mm Hg and more frequent monitoring in patients treated with antihypertensive agents and SBP <120 mm Hg.
Frequency of monitoring blood pressure in CKD depends on blood pressure level (Weak). Table 90 provides recommendations for frequency of monitoring blood pressure and adjustment of antihypertensive drug regimen, depending on baseline SBP. This protocol has not been studied, but appears reasonable in the opinion of the Work Group.
Some classes of antihypertensive agents are "preferred" for reducing CVD risk and progression of CKD (Strong). A "preferred" agent is a class of antihypertensive agent that has a beneficial effect to reduce the risk of CVD or slow the progression of kidney disease by mechanisms in addition to lowering blood pressure. Preferred agents may be indicated for patients with or without hypertension. In patients with hypertension, a preferred agent should be the initial antihypertensive agent to be used for the specific type of CVD or CKD. Table 86 shows preferred agents to reduce the risk of CVD. Guidelines 8, 9, and 10 review preferred agents to slow the progression of kidney disease.
For each patient, the clinician should determine if there is an indication for a preferred agent based on the type of CKD, coexisting CVD, and other comorbid conditions, and determine the therapeutic goals for each indication. 
Classes of antihypertensive agents (Strong).
This section provides an overview of each of the major classes of antihypertensive agents. Table 91 summarizes the CKD and CVD indications for each class of agents. Table 92 summarizes side-effects and contraindications of classes of antihypertensive agents. Tables 93 through 99 list doses of most common agents in each class. More detailed discussions of ACE inhibitors and ARBs and of diuretics are provided in Guidelines 11 and 12, respectively. (Table 93) . Fluid retention is one of the major causes of hypertension in CKD. Thus, almost all patients with CKD will require the use of a diuretic in order to achieve the blood pressure goal. Three major classes of diuretics can be used to treat hypertension: thiazide, loop, and potassium-sparing diuretics. Aldosterone antagonists are considered separately. Available thiazide diuretics include hydrochlorothiazide and chlorthalidone.
Diuretics
Thiazide diuretics have a long history of effectiveness in blood pressure reduction and CVD risk reduction. 5,5a The purpose of ALLHAT was to compare newer antihypertensive agents to thiazide diuretics, as single agents, in controlling blood pressure and preventing clinical CVD events in high-risk patients with hypertension.
107 Altogether, 42,419 patients were randomly assigned to treatment with a thiazide diuretic chlorthalidone, an ACE inhibitor lisinopril, a dihydropyridine calcium-channel blocker amlodipine, or a peripheral alpha blocker doxazosin. Add-on therapy in all groups consisted of beta-blockers, alpha-adrenergic agents, and directly acting vasodilators. The doxazosin arm was stopped early because of an increased risk of nonfatal myocardial infarction. The rates of the primary outcome, coronary heart disease and nonfatal myocardial infarction, were similar among the other treatment arms (Fig 35) . Blood pressure control rates were slightly better in patients treated with chlorthalidone (Fig 36) , and patients treated with chlorthalidone had lower rates of combined CVD outcomes and heart failure compared to patients treated with lisinopril and lower rates of heart failure compared to patients treated with amlodipine. 107, 301 Patients treated with chlorthalidone, especially AfricanAmericans, had lower blood pressure and lower rates of stroke than African-Americans treated with lisinopril. Based on these data, JNC 7 recommends a thiazide-type diuretic as the preferred agent to lower blood pressure and to reduce CVD risk in patients at increased risk of coronary heart disease. 
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ALLHAT included 7,110 patients (17.6% of the total) with an estimated GFR <60 mL/min/1.73 m 2 at enrollment, which represents a large "CKD subgroup." 302 Analysis of patients with CKD Stage 3 (GFR 30 to 59 mL/min/1.73 m 2 ) assigned to chlorthalidone, lisinopril, or amlodipine (n = 2,492) showed similar findings as in the whole group with respect to CVD. 292 In addition, rates of kidney failure, and substantial decline in estimated GFR did not differ significantly among the three drug classes in the CKD subgroup, including analyses stratified by presence or absence of diabetes.
293 However, the kidney failure event rate was low (approximately 5%), limiting statistical power for determination of the effect on this outcome.
ALLHAT differs in some important ways from other studies of antihypertensive agents in CKD. First, the ACE inhibitor and dihydropyridine calcium-channel blocker were prescribed without a diuretic. By contrast, other studies in CKD have compared classes of antihypertensive agents usually prescribed in combination with a diuretic. Second, the risk of kidney failure was lower than observed in other studies in CKD. Third, proteinuria was not measured in ALLHAT, either in baseline or in follow-up. By contrast, most studies in CKD have included patients with proteinuria. Thus, differences between ALLHAT and other studies in CKD may be due to the study design and the type of patient enrolled, rather than true differences in efficacy of combinations of antihypertensive agents used in CKD in slowing progression of kidney disease.
Loop diuretics have not been studied in large hypertension trials in the general population; thus, their effectiveness in reducing CVD risk is not known. However, they are effective in reducing ECF volume and have been used in combination with other antihypertensive agents in many studies in CKD. Loop diuretics have a shorter duration of action than thiazide diuretics; hence, they are less effective in patients with normal kidney function, unless they are given in multiple daily doses. 303, 304 However, since thiazide diuretics are of minimal effectiveness for ECF volume reduction at low levels of GFR, 305 a loop diuretic is preferred for this purpose in patients with GFR less than 30 mL/min/1.73 m 2 . Patients with resistance to loop diuretics may benefit from a combination of a loop diuretic with metolazone, which has a mechanism of action at several sites in the renal tubule. 306 As in patients without CKD, volume depletion may occur from the use of diuretics.
Thiazide and loop diuretics increase the delivery of sodium to the distal tubule, thereby increasing urinary potassium excretion. This may be a useful side-effect in CKD, especially in patients treated with an ACE inhibitor or ARB. Nonetheless, hypokalemia can occur, and if not treated appropriately, poses the same potential risks as in patients without CKD. Other sideeffects of thiazide and loop diuretics include hyperuricemia and gout, hyperglycemia, and increased LDL cholesterol.
Potassium-sparing diuretics, triamterene and amiloride, are less effective as single agents in reducing ECF volume than thiazide and loop diuretics. They are generally used as an adjunct to thiazide and loop diuretics for prevention and treatment of diuretic-induced hypokalemia and in patients with edematous states. They are generally not used as antihypertensive agents in patients with CKD due to the increased risk of hyperkalemia. Aldosterone antagonists also act as potassium-sparing diuretics and can be used in the same circumstances as triamterene and amiloride.
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Beta-adrenergic blockers (Table 94 ). There are several classes of beta-blockers that differ in both clinical benefits and adverse effects. First, beta-blockers can be classified based on their effect on alpha and beta adrenergic receptors. Beta-1 receptors are found mostly in heart muscle. Activation of beta-1 receptors results in an increase in AV nodal conduction, contractility, and heart rate as well as a decrease in AV node refractoriness. Beta-2 receptors are found in bronchial and peripheral vascular smooth muscle in higher numbers than in heart muscle. Activation of beta-2 receptors results primarily in vasodilatation and bronchodilation. Selective beta-blockers are those agents that preferentially block the beta-1 receptor, while nonselective beta-blockers block both the beta-1 and beta-2 receptors. Due to their effect on beta-2 receptors, nonselective beta-blockers can cause bronchoconstriction and worsening of symptoms of severe peripheral vascular disease and can mask signs of hypoglycemia that are sympathetically mediated. These side-effects can also be seen when selective beta-blockers are used in high doses.
Beta receptors also stimulate cellular uptake of glucose and potassium. Beta-blockers can cause hyperkalemia due to altered transcellular distribution of potassium. Selective beta-blockers may cause lesser elevation in serum potassium than nonselective beta-blockers. All beta-blockers can cause an increase in serum levels of plasma glucose and triglyceride levels and in insulin resistance and a decrease in HDL cholesterol levels.
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Some beta-blockers also block the alpha receptor, and they may share some properties with alpha blockers, as described below. Both labetolol and carvedilol block beta receptors nonselectively and also block alpha receptors. Other beta-blockers have intrinsic sympathomimetic activity (ISA), causing activation of the beta-receptor, while also preventing catecholamines from binding to the receptor site. Acebutolol and pindolol have ISA. These agents may be associated with an increased risk of arrhythmias due to beta-receptor stimulation.
Second, beta-blockers can be classified by their solubility properties and routes of metabolism. Lipid soluble beta-blockers are eliminated by hepatic metabolism, have a short half-life, and do not require dose adjustment in CKD. However, their metabolism is slowed in heart failure and in the elderly, and they can accumulate causing an increased incidence of side-effects. In addition, they can enter the central nervous system in high concentrations, and are associated with a higher incidence of insomnia, hallucinations, nightmares and depression. Propranolol and metoprolol are examples of lipid soluble beta-blockers.
Water-soluble beta-blockers are excreted by the kidney, have a longer half-life, and may accumulate in CKD. They do not readily enter the CNS. Atenolol and sotalol are water soluble. Esmolol has a half life of less than 10 minutes due to rapid metabolism by both hepatic esterases and blood tissue.
Beta-blockers were often used in combination with thiazide diuretics in early clinical trials. 5, 15 However, without diuretics, the effects have been mixed. 309 In the Medical Research Council trial of middle-aged patients with a diastolic blood pressure between 90 and 109 mm Hg, there was no difference in overall outcome between patients receiving either a thiazide diuretic or propranolol. 310 Carvedilol, extended release metoprolol, and bisprolol are effective agents for the treatment of both essential hypertension and congestive heart failure. [311] [312] [313] The results of trials comparing beta-blockers to other agents are discussed in subsequent sections.
Thus, beta-blockers are beneficial in patients with a prior history of angina, myocardial infarction, congestive heart failure (due to diastolic dysfunction and for certain agents also for systolic dysfunction), resting tachycardia, migraine headaches, and glaucoma. 15, 314, 315 Conversely, beta-blockers should in general not be used in patients with bradycardia, second-or third-degree heart block, asthma, chronic obstructive pulmonary disease, severe peripheral vascular disease, or depression, as ß-adrenergic tone is beneficial in these circumstances. 15, 316, 317 In addition, beta blockade may mask some of the early symptoms of hypoglycemia. Finally, propranolol can interact with a number of other medications, due to metabolism of propranolol by the cytochrome P-450 system and by decreasing hepatic blood flow. [318] [319] [320] Other beta-blockers may also be substrates for cytochrome P-450 system interactions. 321 In addition, the abrupt withdrawal of most (and perhaps all beta-blockers) can lead not only to rebound hypertension, but also to worsening angina, myocardial infarction, and even death. [322] [323] [324] The mechanism of action is felt to be increased sympathetic activity due to adrenergic receptor upregulation during the period of sympathetic blockade. (Table 95) . ACE inhibitors and ARBs have many potential advantages for patients with CKD and associated comorbid medical conditions. 326 As discussed in Guidelines 8 and 9, they slow the progression of diabetic kidney disease and nondiabetic kidney disease with proteinuria, and in addition, they reduce proteinuria, irrespective of the type of kidney disease. 139, 316, [327] [328] [329] [330] [331] [332] [333] [334] [335] [336] [337] [338] [339] 
325
ACE inhibitors and ARBs
